The United States Environmental Protection Agency mandates that community water systems (CWSs), or drinking water utilities, provide annual consumer confidence reports (CCRs) reporting on water quality, compliance with regulations, source water, and consumer education. While certain report formats are prescribed, there are no criteria ensuring that consumers understand messages in these reports. To assess clarity of message, trained raters evaluated a national sample of 30 CCRs using the Centers for Disease Control Clear Communication Index (Index) indices: (1) Main Message/ Call to Action; (2) Language; (3) Information Design; (4) State of the Science; (5) Behavioral
INTRODUCTION
There are over 52,000 community water systems (CWSs), also known as drinking water utilities, across the USA that collectively serve over 300 million people (United States Environmental Protection Agency (USEPA) c).
In 1996, Congress amended the Safe Drinking Water Act, requiring any CWS with at least 15 service connections or serving more than 25 people to provide annual water quality reports to their consumers (USEPA ).
As a result, in 1998 the consumer confidence report (CCR) rule was enacted to require CWSs to distribute maintained by USEPA () to construct their CCR. CCR-iWriter provides the required and essential contaminant table where CWSs input their water quality data (Table 1) .
The CCR-iWriter also provides standardized scripts for several categories, including the Lead and Copper Rule, health information for immuno-compromised individuals, and water conservation strategies.
Since the CCR is considered a public health communication (USEPA ; Roy et al. ) , its information and messages should be readily understood by all consumers. first distributed, many utilities were concerned by the lack of inquiries from consumers and suggested that one reason could be that consumers were unable to read and comprehend the information in the CCR (Benson et al. ) . Over a decade after implementation of the CCR rule, the USEPA and stakeholders reviewed it and identified the need to improve effectiveness of communicating information to consumers, with the number one area of concern being CCR understandability (USEPA a).
Consumers can only make informed decisions when scientific information is presented in a way that is objective, understandable, and interesting (Huntzicker  
MATERIALS AND METHODS

Selection of CCRs
Thirty CCRs were obtained that represented CWSs from 29 different US states. CCRs were a stratified random sample from each of the 10 USEPA regions; there was one CCR for each of three population size categories per region. These were the same CCRs used in previous research (Roy et al.
) and were obtained in pdf through the USEPA's and CWSs' web pages from years 2011-2013 (USEPA c, d). Size categories for CWSs were based on the population served: medium (3,301-10,000); large (10,001-100,000); and very large (100,000þ). These size categories represent 70% of the US population that is served by CWSs, or about 210 million consumers (USEPA c).
Assessing clarity
The Index is a scientifically based tool that requires the users to be properly trained to effectively use it and minimize sub- Table 2 ). The scores from each index were also tallied to obtain an overall score (out of 100%); the Index considers overall clarity scores ¼ 100% 'perfect', scores 90% 'passing', and that any materials with scores <90%
should be revised and improved until the Index score is 90% (CDC ). The authors also rated each CCR based on its ability to communicate a primary health message, i.e., the question, 'Is the water safe to drink according to all state and federal standards and regulations?' The researchers considered this topic the main health message of interest to consumers even though the USEPA CCR rule does not require that CCRs state explicitly whether water is safe or not. 
Indices Questions
(1) Main Message/Call to Action
• Does the material contain one main message?
• Is the main message at the top, beginning, or front of the material?
• Is the main message emphasized with visual cues?
• Does the material contain at least one visual that conveys or supports the main message?
• Does the material include one or more calls to action for the primary audience?
(2) Language • Do both the main message and the call to action use the active voice?
• Does the material always use language the primary audience would use?
(3) Information Design • Does the material use bulleted or numbered lists?
• Is the material organized in chunks with headings?
• Is the most important information the primary audience needs summarized in the first paragraph or section?
(4) State of the Science • Does the material explain what authoritative sources, such as subject matter experts and agency spokespersons, know and don't know about the topic?
(5) Behavioral Recommendations
• Does the material include one or more behavioral recommendations for the primary audience?
• Does the material explain why the behavioral recommendation(s) is important?
• Does the behavioral recommendation(s) include specific directions about how to perform the behavior?
(6) Numbers • Does the material always present numbers the primary audience uses?
• Does the material always explain what the numbers mean?
• Does the audience have to conduct mathematical calculations?
(7) Risk • Does the material explain the nature of the risk?
• Does the material address both the risks and benefits of the recommended behaviors?
• If the material uses numeric probability to describe risk, is the probability also explained with words or a visual?
RESULTS
CCR format and content
According to the data shown in Table 3 , the average number of pages was 6.2 ± 6.1 with no statistical difference among CWS sizes (one-way analysis of variance (ANOVA), p-value CCRs in the medium and large size did not mention any such statements and left the consumers to interpret the complicated jargon and technical contaminants table (Table 1) .
Scores for each index
The average scores for the seven key index areas were below passing throughout ( Average number of pages 4.7 ± 2.5 6.9 ± 8.9 7.1 ± 5.5 6.2 ± 6. 
DISCUSSION
The primary purpose of this research was to determine the degree to which CCRs clearly communicated information on water quality to consumers. Based on the results of this study, coupled with previous research on readability (Roy et al. ) , it is unlikely that a large proportion of consumers will understand the messages provided. The ratings of the CCRs examined within this study suggests that the reports fulfill regulatory mandates, but do not achieve the overall intent of the regulationsto improve population understanding of the degree to which local water is safe to drink. The CWSs are restricted in a sense by the requirement to use certain USEPA language in the CCR, although a CWS can add more information than the minimum required by the USEPA. The discussion that follows provides a summary of the study findings with related recommendations for CCR improvement. Each of the seven indices are addressed; Table 2 summarizes the intent of each index.
(1) Main Message and Call to Action ommended that CCRs answer the consumers concerns by stating that the water is safe (or not safe) to drink according to all federal and state regulations within the main message.
Next, the four sub-messages should present information for each of the required sectionssource water, water quality, compliance, and educational information (Figure 1) . (2) Language
The language used in CCRs would be improved if active voice was used rather than the typical passive that is currently used. Active voice sentences are less wordy and more to the point than passive voice sentences and are a better way to communicate a direct message to your audience (Plain Language ).
The language should be words which are common or frequently used by consumers (CDC ). When it is unavoidable to use language that the consumer will not understand, the CWS must explain the terms in a lay-person language (Bishop ; CDC ). While the environmental engineer raters found the language familiar, but jargon, the health scientists raters had strong opinions about the unfamiliarity of several terms in the CCRs including: 'crossconnections', 'greensand filters', 'sodium hydroxide', 'phosphoric acid', 'curb-stop' and 'MCLs'. These technical terms should be replaced or explained. A study that surveyed CWSs found that residential consumers were the hardest audience for CWSs to communicate with, followed by citizen's groups, the news media, business consumers, regulators, elected officials, and employees (Bishop ) . Thus, CCRs have the potential to be an effective water quality communication tool for these groups through the use of active voice, day-to-day language, and defined terms (Bishop ) . (3) Information Design Most CWSs used bulleted or numbered lists as recommended by the Index; some of them, however, had more than the seven recommended items per list with no subheadings. Sometimes, lists were not used where they would have been appropriate.
Additionally, the main message was not easily identified on the first page and/or in the first section of most CCRs. To effectively communicate the water quality message, it is imperative to make the main message easily identifiable to the consumer.
Even though very large CWSs tended to have more pages, color, and pictures, the overall Index scores were not better than the scores for medium and large CWSs.
(4) State of the Science This paragraph has critical information and targets an important group that is sensitive to water quality changes, but the message should be expanded and made highly visible as suggested in Figure 2 since this is a health-based recommendation. The rewritten paragraph highlights the message with visual cues and provides instructions to obtain more information.
(6) Numbers
The USEPA has a mandated table that CWSs must use to display numbers for contaminant concentrations and violations ( (2013)).
taken to remediate the issues and potential risks to consumers when the violation occurred. Acknowledging violations and addressing unexpected water quality concerns in the CCR will promote public confidence.
Consumers use taste, odor, and appearance as indicators of safe drinking water (Dietrich & Burlingame ) . It is human intuition to avoid products that are unpleasant due to risk perceptions that will shape their behaviors reporting an aesthetic issue is warranted in their CCR.
Communicating scientific information and risk
Understanding the thought processes, or mental models, for both experts and consumers is extremely important in crafting an effective CCR. Since the knowledge gap is so wide between experts and consumers, CWSs need to identify what consumers know at the outset, correct misinformation, and provide accurate information as a result (Löfstedt & Frewer ) .
CCRs are health-based communication documents because the USEPA views CCRs as a means to improve public health through educational materials (USEPA ).
If the CCR is serving as a public health communication, it is important to recognize potential parallels between the CWS/consumer and the doctor/patient relationships, including: '(1) presenting technical and scientific information;
(2) presenting possible traumatic information; (3) Unfortunately, there was a lack of effective risk communi- 
